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CHAPTER 1 
STATENENT AND DEFINITION UF THE PROBLEM 
Electrets are permanently polarized pieces of material whose sur-
faces exhibit permanent electric charges. They are made by cooling cer-
tain hot or molten dielectrics in a strong electric field. The word 
electret was first used by Heaviside1 to describe a permanently polar-
ized material, or electric dipole. No one reported having made an 
actual electret, however, until 1925.2 Since that time only about fifty 1, 
papers on electrets have appeared in the technical literature. 
Making electrets-- The majority of workers to date have used car-
nauba wax as the basic material for making electrets. It is a hard 
vegetable wax melting at 85 degrees Centigrade. It can be used pure or 
mixed with other materials such as rosin, beeswax, or plastic materials. 
A carnauba wax and rosin mixture has been used by many workers. It is 
allowed to solidify in a strong electric field. With this mixture, 
fields between two thousand and ten thousand volts per centimeter are 
found to be satisfactory.3 If the field is removed when the wax has 
attained room temperature the solid wax is now an electret. 
1Andrew Gemant, "Electrets", Physics Today 2: 8. Harch 1949. 
~iototaro Eguchi, 11 0n the Permanent Electret", Philosophical 
Magazine 49: 178 (1925). 
3Andrew Gemant, "Recent Investigations on Electrets", Philosophical 
Magazine 20: 929 (1935). 
'\ 
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Figure 1-- Electret Making 
Electrodes with Dielectric 
Material. 
Properties of electrets-- The top and bottom surfaces of the 
: electret are found to be permanently charged. For the first few days 
after making the electret the surfaces have charges which are opposite 
in sign to the forming electrodes. For example, if the top electrode 
used in making an electret is connected to the positive terminal of 
the high voltage source, the top surface of the electret will exhibit 
a negative charge. This charge slowly decreases, becomes zero in a few 
days, and thereafter the top surface exhibits a positive charge which 
is relatively permanent. Electrets ten or fifteen years old are often 
reported, with practically no decrease in charge. There is no data 
available which would indicate the age at which electrets lose their 
charge, if ever. 
Andrew Gemant4 introduced the terms heterocharge and homocharge to 
describe these two types of charges. A surface has a heterocharge if 
its charge is opposite in sign to that on the polarizing electrode. 
If the charge carried by a surface is the same as that of the polar-
izing electrode it is called a homocharge. 
4 Ibid., P• 929 
======== ~--=---~- _,-
An electrometer is required to measure the surface charge of the 
electret since it could not possibly supply enough current to deflect 
a galvanometer. 5 If the lower surface of the electret is connected to 
one terminal of an electrometer and an insulated metal plate is 
connected to the other terminal a deflection will occur when the plate 
is lowered onto the top surfac~ of the electret. 
Electrets show volume polarization since the surface may be sliced 
away and after a few days the new surface will have a homocharge of 
about the same value as the old surface. 6 
The surface charges of an electret produce an electric field 
above the surfaces. Gemant7 has even designed a string type electrometer 
in which the field is produced by electrets fixed in the electrometer 
case. 
Under ideal laboratory conditions the surface charge of carnauba 
wax electrets has been found to be about six statcoulombs per square 
centimeter.8 
When not in use electrets must be short-circuited and stored in 
a dry place.9 This can be done by wrapping in tin foil and storing 
5Andrew Gemant, "Electrets", Physics Today 2: 9. March 1949. 
6F. Gutmann, "The Electret", Reviews of Modern Physics 20: 457 
(1948). 
?Andrew Gemant, "The Use of Electrets in Electrical Instruments11 , 
Reviews of Scientific Instruments 11: 65 (1940). 
8Edward Padgett, "Improved Electrets", Radio-Electronics 20: 23. 
April 1949. 
9Andrew Gemant, "Electrets", Physics Todaz 2: 11. March 1949. 
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in a desiccator with calcium chloride. The tin foil reduces the 
diselectri.fying field in the electret to a minimum. In moist air a. film 
of moisture forms on the electret which reduces the surface charge. 
Theory of electrets-- The heterocharge is relatively easy to explain. 
With strong electric fields conduction currents exist in the dielectric, 
especially at high temperatures. Ions of opposite charge collect near 
each electrode and are "frozen" in when the dielectric cools. That is, 
a negative space charge would be produced near the positive electrode. 
Since the relaxation ~ime of solid dielectrics is of the order of days 
this accounts for the heterocharge and even those materials which 
cannot be made into electrets show this effect. 
Gross10 has presented a theory that the formation of homocharges 
is due mainly to dipole orientation. Polar molecules in the dielectric 
are orientated by the electric field and "frozen" in place when the 
dielectric solidifies. 
When the electret is short-circuited the oriented molecules 
produce an electric field in the interface between the electret and 
the short-circuiting electrodes. Conduction currents surge in the 
interface and ions or electrons are fed into the dielectric or 
extracted from its surface and transferred to the electrodes. Thus 
homocharges appear, first on the surface and later penetrating a short 
distance into the dielectric. 
lOB. Gross, "Experiments on Electrets", Ph.ysical Review 66: 26 
(1944). 
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Figure 2-- Schematic Representation of the Permanent 
Orientation of the Molecules in an Electretll 
5 
Gemant12 in an early paper advanced the idea that the oriented polar 
molecules form oriented crystals which are piezoelectric and that the 
piezoelectric effect is opposite to the effect of the dipoles. He assumed 
that there is a permanent strain in the cooled electrets which thus 
produces the permanent homocharge. This was based partly on his obser-
1 vation that when carnauba wax and rosin electrets are broken the pieces 
will not fit tightly together again. In a later article13 he presents 
the same idea but more cautiously. 
Materials for electrets-- Nearly all of the reports in the ~iterature 
11 Adapt~d from: Gaylord P. Harnwell, Principles of Electricity 
and Electromagnetism, p. S9. New York: McGraw-Hill Book Company, 1949. 
12Andrew Gemant, "Recent Investigations on Electrets", Philosophical 
Magazine 20: 929 (1935). 
13Andrew Gemant, "Electrets", Physics Today 2: 12. March 1949. 
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refer to electrets made from carnauba wax or mixtures of carnauba wax and 
other materials. Gemant14 has made the only extensive investigation of 
other materials. In 1948 Gutmann15 published a comprehensive survey of 
all the literature on electrets. Table 1 is reproduced from this 
article. Gutmann does not indicate the source or sources of the infor-
TABLE 1 
CHARACTERISTICS OF VARIOUS SUBSTANCES 
Substances capable of 
permanent volume polarization 
Yielding Yielding also 
heterocharges homocharges 
only 
Acidic groups Carnauba wax 
Glass Beeswax 
Resin Polar hydrocarbons 
Sulfur Esters 
Alcohol 
Asphaltos 
Substances giving 
Surface charges No permanent 
only charges 
Cetyl alcohol Paraffin wax 
Cetyl palmitate Palmitic acid 
Non-polar Stearic acid 
hydrocarbons 1,8-d.initro-
Stear anilide napthalene 
Seekay wax 
6 d 
ii ----------------------------------------------------------------------!. 
i: mation in the table but it seems likely that much of it was taken from 
Gemant's report16 since all of the materials listed, except five; glass, 
sulfur, alcohols, stearic acid, and 1,8-dinitronapthalene, are mentioned 
by Gemant. 
14Andrew Gemant, "Recent Investigations on Electrets", Philosophical 
Magazine 20: 929 (1935). 
l5F. Gutmann, 11The Electret", Reviews of Modern Physics 20: 457 
(1948). 
i' 16Andrew Gem.ant, "Recent Investigations on Electretsn, 
1
i Philosophical Magazine 20: 929 (1935) • 
. ,
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Gutmann refers to the fact that there is only one reference in the 
17 literature to electrets made with sulfur. This report is an abstract 
of a paper presented at the American Physical Society by Johnson and 
Carr and indicates that electrets were made from molten sulfur but their 
properties were not studied. Gutmann, in his table, indicates that 
sulfur produces only heterocharges but there is no apparent reason for 
1 his doing so. Possibly it is a result taken from his own unpublished 
,, 
research. One may also conclude that his disposition of glass, alcohols,!: 
stearic acid, and 1,8-dinitronapthalene is due to his own research. 
Padgettl8 reports that his experiments at New York University 
indicate that electret properties are associated with polar groups. He 
has made good semiplastic electrets from a mixture of carnauba wax, 
hydrogenated rosin, and ethyl cellulose. 
As far as this writer can discover there are no references in the 
literature to materials being used for electrets other than those so 
far mentioned. 
Purpose of this investigation-- The purpose of this investigation 
is to test a number of materials to determine whether they can be 
permanently polarized. It would seem that there should be a great 
number of dielectrics with polar properties from which electrets can be 
made. By testing a number of compounds, some with polar properties and 
17o. J. Johnson and P. H. Carr, 11 Some Experiments on Electrets 11 , 
Physical Review 42: 912 (1932). 
18 Edward Padgett, 11 Improved Electrets11 , Radio-Electronics 20: 
20. April 1949. 
-+~-- -- -. ~--
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some without, it is hoped that a general relationship between chemical ;! 
structure and electrets can be found. Further, it seems quite possible 
that a relationship exists between the electret making properties of 
a material and its dielectric constant. Any such relationship could be 
, demonstrated by an investigation of this type. 
Data on electrets made from a large number of materials should also 
be helpful in putting the theory of the homocharge on a more secure 
foundation. From the engineering point of view it is also desirable to 
have electrets with better mechanical properties than have wax electrets. 
Engineering applications of electrets will undoubtedly be found and when 
they are,electrets made of plastic, glass, or ceramic materials will be 
1 most useful. 
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CHAPTER 2 
APP ARAWS AND METHODS USED 
Oven and Mold 
An oven is used because it provides for controlled heating and 
cooling of the electrets as they are being formed. 
Structure of oven-- The oven used in this study is made of sheet 
Transite, a hard insulating material made of asbestos. (See appendix I) 
The oven, which is about five inches square and seven inches high, is 
similar to the one used by Padgett1 in his work. Nichrome wire is 
attached inside the oven to machine screws and nuts. The heating element 
can be connected directly to the 115 volt line, or, for lower temper-
atures, in series with rheostats. A piece of Transite serves as a cover 
and oven temperatures are observed by means of a thermometer supported by' 
a cork stopper in a hole in the cover. The temperature range of the oven 
is from room temperature to about four hundred degrees Centigrade. 
High voltage leads-- High voltage binding posts are attached to 
opposite sides of the oven and are connected to leads on the inside which 11 
can be attached to the electret mold. Since Transite is hot a good elec-
tric insulator the high voltage leads must be well insulated. In fact 
the writer experienced so much difficulty with arcing between one of the 
lEdward Padgett, "Improved .Electrets 11 , Radio-Electronics, 20:20. 
April 1949. 
9 
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Figure 3-- Oven with Rheostats at Right 
and Electrode Stand at Left 
Figure 4-- Top View of Oven Showing Heating Element and 
Position of Electrode Stand. 
10 
11 
terminals and the oven that the terminal was removed and connection to 
the electret mold made by passing a piece of asbestos covered wire through 
a ceramic tube placed in the resulting opening. 
Mold and stand-- A chair shaped Transite stand is used to support 
the electrodes in the oven. A shallow brass cup fourteen millimeters 
high and forty-five millimeters in diameter is used as a mold and also 
acts as one electrode. The top electrode consists of a circular brass 
plate twenty-five millimeters in diameter fastened to the end of a two 
inch bolt. It is suspended from the top of the stand, using ceramic 
insulators, as shown in Figure 5. 
+ 
c.-:.-_ ... _ ... _·-_-:_:, 
Figure 5-- Transite stand for holding electrodes. 
Source of High Voltage 
The high voltage source employs an oscillating circuit similar to 
the type used in television receivers. (See appendix I) It was pur-
chased completely assembled from an electronic dealer. It was designed 
to supply one milliampere at ten thousand volts although it will supply 
up to six milliamperes at lower voltages. For the present study the 
trimmer condenser which controls the voltage was replaced by one which 
provides voltages ranging from three to five thousand volts. 
Figure 6-- High Voltage Source with Meters. 
The voltage is measured by using a microammeter in series with 
a fifty megohm resistance. The current flowing through the electrets 
while they are forming is measured with a microammeter. The current 
for most dielectrics is a few microamperes at room temperature but may 
go as high as several milliamperes at high temperatures. 
Measuring the Surface Charge 
Apparatus-- A Genco-Dershem Electrometer is used to measure the 
surface charge of the electrets. It is a direct reading quadrant 
12 
- --;-.;=-::-:-_- -_- =.- ---·-··----- --
electrometer. Its sensitivity is controlled within limits by the 
quandrant potential and it is calibrated with known voltages. 
~E l&c TromeTe r-
Figure 7-- Schematic Diagram of Measuring Circuit. 
The Electrometer is connected in parallel with a mica capacitor, 
a short-circuiting switch and a measuring capacitor as shown in Figure 7. 
The electret is placed on the bottom plate of the measuring capacitor and 
the circular plate placed on the top surface of the electret with the 
short-circuiting switch closed. A charge equal in magnitude and opposite 
in sign to that on the top surface of the electret is induced on the 
circular plate. The switch is opened and the circular plate raised by 
means of the insulated handle. The charge distributes itself over the 
system, producing a reading on the electrometer. The magnitude of the 
charge in coulombs is equal to the product of the electrometer reading 
in volts and the capacity of the system in farads. If this quantity is 
14 
converted to statcoulombs and divided by the area of the circular plate, 
the surface charge of the electret in statcoulombs per square centimeter 
is obtained. The sign of the charge on the electret is opposite to that 
observed on the electrometer. 
Figure a-- Charge Measuring Apparatus. From Left to Right, 
Battery for Indicating Light, Electrometer, Measuring 
Capacitor with Switch and Added Capacitor, Meter for 
Measuring Quandrant Potential, and Batteries for Quandrant 
Potential. 
Method of Selecting Materials 
Physical requirements-- The material should be a solid at ordinary 
temperatures. It should also be as hard as possible. This will give the 
electret better mechanical properties than the wax which has been used in 
the past and also will possibly help retain the dipole orientation. It 
should be susceptible to some kind of softening treatment. This could 
be melting or softening with heat, or possibly by softening with a solvent 
without heat. 
Chemical requirements-- Polar compounds presumably should make the 
best electrets although non-polar compounds will be tested in this study 
for purposes of comparison. looking at Table II it would seem logical 
to look for compounds with groups having high dipole moments. This idea 
is supported by the results shown in Table I. Hydrocarbons, containing 
TABLE II 
DIPOLE MOMENTS OF SOME COMMON GROUPS2 
Group Dipole Moment 
C- H •...•••••••••••••••••..•.• 0.4 J.s.u. X l0-18 
0- CHJ••••••••••••••••••••••••1.23 
C- Cl .•.•.••••.•••.••••••.•••• 1.54 
0 - H ••••••••••.••••••••••••••• l.56 
c = o .......................... 2.s 
C : N •••••••.•••••••••••••••••• J.94 
C - H groups, do not produce electrets, while alcohols and esters, 
containing C = 0 and 0 - H groups, do produce electrets. 
Electrical requirements-- The material must be a dielectric. 
Otherwise, it would be impossible for it to maintain a surface charge. 
Since polar compounds tend to have higher dielectric constants than 
15 
non-polar compounds it would probably be a good idea to look for materials 
with high dielectric constants. 
2Henry M. Richardson and F. Watson Wilson (Editors), Fundamentals 
of Plastics, p. 175. New York: McGraw-Hill Book Company, (1946). 
~Aterials to be Tested 
In this study the writer proposes to test the following materials 
and observe to what degree the assumptions just made are substantiated. 
Carnauba wax-- This will be used chiefly for purposes of comparison. 
Sulfur-- It has been mentioned in the literature but there is no 
data available on sulfur. 
Plastics-- Many plastics have the desired physical, chemical, and 
electrical properties mentioned above. 
Glass-- Glass has the required physical and electrical properties. 
Since its dielectric constant is higher than that of many common sub-
stances it seems possible that electrets can be made from glass, even 
though Table I indicates that glass produces only heterocharges. 
Various organic compounds-- Solid organic chemicals containing 
various chemical groups will be tested. An attempt will be made to mix 
a few organic compounds with cellulose acetate. 
Method of Making Electrets 
16 
Low melting point materials-- For materials such as carnauba wax 
which can be easily melted without decomposing, the process is relatively 
easy. The wax or other material is placed in the brass cup which has 
first been lined with aluminum foil. Thin aluminum foil about two 
thousandths of a centimeter thick is satisfactory. Its use permits 
easy removal of the electret from the mold. The top electrode is also 
covered with aluminum foil and adjusted to produce an electret about 
six millimeters thick. The electrode stand is placed in the oven and 
17 
connected to the high voltage leads. The thermometer is adjusted so that 
its bulb is at about the same level as the brass cup. 
The oven is heated to a temperature ten or fifteen degrees above 
the melting point of the material. \fuen the material is melted the high 
voltage is applied and the oven is allowed to cool. A cooling time of 
between one and two hours is ordinarily used. Good and Stranathan3 
report that for carnauba wax the cooling time does not affect the electre~ 
although rapid cooling does proauce quicker reversals . They did find, 
however , that if the cooling time is less than one half hour the 
samples do not become electrets, that is, they do not reverse polarity . 
3 
Figure 9-- Electrets. From Left to Right, Desiccator 
with Electrets Wrapped in Aluminum Foil, Carnauba 
wax, Sulfur, Glass, Plexiglass, and Electrode Stand 
with Glass sample. 
W. M. Good and J. D. Stranathan, 11 An Improved Hethod of Making 
Permanent Electrets and Factors \fuich Affect Their Behavior", Physical 
Review 56: 810 (1939). 
====J.=7==J,~~===~~~~ 
18 
When the electret reaches room temperature the high voltage is turned 
off, the aluminum foil removed, and the surface charge of both the top 
and bottom measured. The electret is then wrapped in aluminum foil and 
stored in a desiccator. 
High melting point materials-- Glass cannot be melted with the oven 
used in this experiment. Some plastics decompose or catch on fire when 
they are melted. Therefore, these materials are treated a little 
differently. A piece of the material about four centimeters square and 
' six millimeters thick is placed on the metal plate of the electrode 
stand which acts as the negative electrode. A brass plate slightly less 
than four centimeters square is placed on top of the material and acts 
as the positive electrode. The temperature of the oven is raised to 
, between two and four hundred degrees Centigrade to soften the material. 
,. The high voltage is applied and the process continued as before. 
Low temperature electrets-- The material is dissolved in an organic 
solvent such as acetone so that a thick solution is obtained. The 
solution is placed in the electrode cup which has been lined with 
aluminum foil. The positive, circular electrode is lowered into the 
solution and the high voltage is applied. The sample is allowed to 
solidify by the evaporation of the solvent. The process may be 
accelerated by raising the temperature slightly. There is no indication 
in the literature that this method has been used before. If the proper 
materials and/or solvents can be found, however, it may prove to be 
a satisfactory method of making electrets. 
The top electrode is always connected to the positive side of the 
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high voltage source in this investigation. This is done only because it is 1 
more convenient with the apparatus used. 
===-==~~= . ~== 
CHAPTER 3 
MATERIALS TESTED AND RESULTS OBTAINED 
Summary of Surface Charge Measurements 
Each of the following figures (Figures 10-17) is a graphical 
representation of the surface charge data obtained with a single material. 
Where more than three samples of a given material were tested, only the 
results from the three best samples are shown. The electric field (E) 
used with each sample is shown on each graph. The temperature (t) of the 
sample when the field was applied is also shown. 
For ease in interpreting the graphs the charge on the top surface is 
always indicated by the red line, while the charge on the bottom surface 
is indicated by the blue line. 
To make comparison easier the same scale is used for each graph. 
Complete data on all samples tested are tabulated in Appendix II. 
Apparatus for making quantitative surface charge measurements was 
not available until sample number eight was tested. 
Since the top forming electrode was positive in every case, a homo-
, charge exists when the top surface is positive and the bottom surface 
negative. If the sample as a whole is positive or negative it will tend 
to shift the charge curves up or down. Therefore, if the red line is 
above the blue line in the following graphs, it is assumed that the 
sample has a homocharge and is therefore an electret. 
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Figure 10-- Rosin-Carnauba Wax Mixture (50%). 
+-4-
3- -
0 - -
J.. -
- 4 -
+4-
1-
<4 o -
~ 
"' 2.. -
;:s· - 'f -
'-" 
-t-
~ 
o-
l. -
0 .ro 
c-~ ?;o po "' em 
- ,. 
.. / () ~ c 
£::. ~ ?IJ .J . c .,. 
. -
' J (/ c. . -
I 
I : ... /0, 6 tltl - "' // ) "c. 
/tJO t.JO 
IJ~ys 
Figure ll- Carnauba Wax. 
Sample Number four Was 
Broken on the Twenty-
seventh Day. A Tem-
porary Decrease in 
Charge is Observed. 
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In addition to the materials represented in the preceding graphs, 
the following materials were also tested. 
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Rosin-- Only one sample was tested which gave a very small variable 
residual charge. 
Sugar-- Sugar was melted and allowed to solidify in electric field. 
No residual surface charge observed. 
Paraffin wax-- One sample was tested. It produced a very small 
homocharge of about .01 e.s.u. per square centimeter. 
Polyvinyl alcohol-- One sample was tested but no effect at all could 
be obtained. It is a rubber like plastic with poor electrical properties 
and low resistivity. 
Cellulose acetate-- Two samples of cellulose acetate were tested. 
A thick acetone solution was allowed to solidify in the electric field. 
It was slowly heated to about two hundred degrees Centigrade to cause 
more rapid evaporation of the acetone. A very small heterocharge was 
observed at the end of two weeks. 
Additional Properties Observed. 
Several of the samples were broken at various times. In each case 
the surface charge was not affected greatly. With two rosin-carnauba 
!Wax electrets (Numbers 1 and 3) it was observed that the pieces did not 
fit together exactly. However, with carnauba wax, sulfur, and one rosin-
carnauba wax sample (Numbers 4, 11, and 6), the pieces apparently did 
fit together. 
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CHAPTER 4 
EVALUATION OF DATA AND CONCLUSIONS 
Sununary of Results 
Fluctuations· in surface charges-- Fluctuations in the surface charges': 
are observed with a number of the samples, especially the glass samples. 
The reason for this may be that the aluminum foil in which the samples 
were wrapped did not make good contact with the surface. This could be 
·checked by wrapping several electrets loosely and tightly after alternate 
measurements. In any case it still seems obvious that the electrets so 
.affected have definite homocharges. 
Limitation of results-- The electrometer used has a very short 
period (about one second) so that, at most, only a few per cent of the 
, charge can leak away from the system before a reading can be taken. Also,' 
its calibration does not change appreciably over a period of weeks. 
Therefore, the readings probably have an error of less than ten per cent. 
Approximately the same electric field was used on each sample. 
:Possibly fields higher than the eight thousand volts per centimeter used 
would produce different results. Gemant1 reported that fields between 
three and ten thousand volts per centimeter produced rosin-carnauba wax 
electrets, all having about the same surface charge. Therefore, the 
· results obtained in this investigation probably give a good indication 
lAndrew Gemant, "Recent Investigations on Electrets", Philosophical 
:Magazine 20: 929 (1935). 
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of the electret making properties of the materials tested. 
Comparison of homocharges-- For purposes of comparison the highest 
surface charge found with a given material will be used. Since many of 
the electrets have a net negative charge, one half of the difference 
between the charges on the top and bottom surfaces will be used. 
Naturally the charges used will be two measured at the same time. Also, 
the high initial charges observed in many cases will not be considered. 
Maximum charges obtained in this manner are shown in Table III. 
TABLE III 
MAXIMUM SURFACE CHARGES OF MATERIALS TESTED 
Material Maximum Type of Dielectric 
Charge Charge Constant 
3.8 2 homo charge ' Carnauba wax e.s.u./cm 
Rosin-carnauba wax (50%) 3.5 It 
Glass 2.1 
" 5 - 10 Sulfur 2.0 
" 4.2 Lucite .87 II 3 - 3.5 
Plexiglass .54 II 3 - 3.5 
Napthalene .25 " Polystyrene .06 tt 2.5 - 2.6 
Rosin .06 11 
i Paraffin wax .03 11 2.1 
Cellulose acetate .01 heterocharge 3.8 
' Sugar .oo 
Looking at Table III, one sees that there is a definite relationship 
between the electret making properties of a material and its dielectric 
constant, at least for the materials tested. Cellulose acetate is the 
only material which does not fit into the list and this may well be due 
to the unusual method of treating the cellulose acetate samples. It 
appears that definite surface charges cannot be obtained easily with 
materials having dielectric constants much below three. 
Correlation with the dipole moments of chemical groups, shown in 
Table II, is not as definite. It can be noted, however, that carnauba 
wax, Lucite, and Plexiglass, contain the group C = 0 which has a dipole 
-18 
moment of 2.8 X 10 e.s.u., while polystyrene, paraffin wax, 
and napthalene contain only the C - H group with a dipole moment of 
.4 X 10-18 e.s.u. 
The magnitude of the surface charges obtained with carnauba wax and 
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the rosin-carnauba wax mixture is in good agreement with the work reported 
by others. 2 Gemant reports a maximum charge of 6.5 e.s.u. per square 
centimeter using special measuring apparatus, but also reports values of 
about 3 e.s.u. per square centimeter for carnauba wax. Padgett, 3 
working with various mixtures containing carnauba was, reports values 
ranging from .25 to 4 e.s.u. per square centimeter. 
Conclusions 
Materials producing homocharges-- All of the materials tested pro-
duced homocharges except cellulose acetate. Since the charges obtained 
were very small and the technique used in treating the samples unper-
fected, cellulose acetate should probably not be considered in this 
evaluation. From these results it would appear that practically any 
2 Ibid., P• 932 
3Edward Padgett, "Improved Electrets", Radio-Electronics 20: 23. 
, April 1949. 
dielectric should produce homocharges. This does not seem unreasonable 
since the molecules of any dielectric will have a finite dipole moment, eve~ 
, though it may be very small. Thus, there exists the possibility of 
permanently orienting its molecules slightly. 
Glass, sulfur and resin were all listed by Gutman (see Table I) as 
producing only heterocharges, while in this study they are all found to 
produce homocharges. This result is not conclusive in the case of rosin 
since only one sample was tested and it has only a very small charge. In 
the case of glass and sulfur, however, the homocharges are quite definite. 
Theory of electrets-- Gemant's piezoelectric theory, discussed on 
page five, is neither substantiated nor disproved. Three rosin-carnauba 
,, wax electrets (Numbers 1, 3, and 6), were broken accidentally. Two of 
them (Numbers 1 and 3) have cracks between the pieces when they are 
fitted together again. The pieces of the third one fit together 
tightly. One carnauba wax electret and one sulfur electret (Numbers 4 
and 11) were broken and the pieces fit together tightly. 
The results of this study seem to support the view that electrets 
have oriented dipoles. This follows from the relationship between 
electret properties and dielectric constants. It is further observed 
in the case of the glass samples that heating is necessary to produce 
electrets. The heating presumably allows easier orientation of the 
dipoles because of the softening of the glass. 
New method of making electrets-- The proposed method of making 
, electrets,outlined on page eighteen, has not as yet been tested 
sufficiently for conclusions to be drawn. The writer feels that it still 
offers a promising avenue of approach, however. 
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Further study-- The results of this study could be extended by 
subjecting the materials already tried to higher electric fields. It may 
be that some materials, such as glass or plastics, will show a maximum 
homocharge only when a much higher field is used. 
The materials so far investigated represent only a small fraction of 
those waiting to be tested. The results so far obtained indicate that 
homocharges can probably be found with a great number of materials. 
Materials with high dielectric constants probably offer the best avenue 
of approach. Thera are some plastics with dielectric constants higher 
1 than those of Lucite and Plexiglass. However, the maximum value for 
plastics seems to be about seven or eight. It may be that some material 
such as titanium dioxide, with a dielectric constant of one hundred, 
would make a good electret if mixed with some material such as glass or 
plastic. 
; 
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APPENDIX I 
DETAILS OF APPARATUS 
A. High Voltage Source. 
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Figure 18-- Schematic Diagram of 
High Voltage Source Used. 
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APPENDIX II 
TABULATION OF CALCULATED SURFACE CHARGES 
The surface charges of the samples tested are shown in the following 
tables. (Tables IV- XXXI). The age of the samples is given in days 
unless otherwise specified by the following abbreviations: m = minutes, 
h = hours. 
TABLE IV TABLE V 
Sample No. 1 Sample No. 2 
ROSIN-cARNAUBA \'/AX (50%) ROSIN-cARNAUBA WAX (50%) 
Age Surface Charges Top Bottom 
Surface Charges 
Top Bottom Age 
25 + .23 - .23 22 + 1.2 - 1.2 
113 + .43 .60 23 + 1.0 .48 
24 + 2.0 - 1.6 
25 + 2~1 - 2.0 
28 + 1.4 - 1.3 
29 + 1.7 - 1.7 
31 + 3.2 - 1.4 
35 + 3.4 - 2.3 
41 + 4.0 - 2.9 
51 + 3.7 - 3.1 
110 + 3.0 - 4.0 
112 + 2.7 - 1.9 
120 + 2.2 
- 1.7 
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TABLE VI 
Sample No. 3 
ROSIN-CARNAUBA WAX (50%) 
Age Surface Charges Top Bottom 
108 0 - .17 
TABLE VII 
Sample No. 4 
CARNAUBA WAX 
Surface Charges Age 
Top Bottom 
20 + 1.1 .58 
21 + 1.0 - .65 
22 + .92 - .58 
23 + 1.0 - .48 
25 + .92 - .61 
26 + .67 - .40 
27 + .98 - .37 
28 + .34 .18 
29 + .34 - .11 
33 ~+ .34 - .11 
39 + .34 .11 
49 + .60 - .34 
108 + .84 .60 
TABLE VIII 
Sample No. 5 
CARNAUBA WAX 
Age Surface Charges Top Bottom 
16 + 1.9 - 2.5 
17 + 1.8 
- 1.6 
18 + 2.4 - 1.6 
19 + 1.6 - 1.2 
21 + 1.6 - 1.2 
22 + 1.2 .90 
24 + 1.0 .90 ii 
25 + 1.3 .64 1: 'I 
29 + 1.1 - 1.0 'I j, 
35 + 1.4 - 1.2 it ,, 
45 + 1.7 - 1.7 :! I' 
104 + 1.6 - 2.5 I' I' 
114 + 1.0 - 2.0 
TABLE IX 
Sample No. 6 
ROSIN..CARNAUBA WAX (50%) 
Age Surface Charges li Top Bottom II! 
'I 
15 + .30 - .01 
103 + .34 - .06 
240 + .54 .03 
-·~------ .:;:....-_:__:_- ~- _ _:.-
4 
J9' 
TABLE X TABLE nr 
Sample No. 7 Sample No. 9 
SULFUR PLEXIGLASS 
Age Surface Charges Age Surface Charges Top Bottom Top Bottom 
12 + .007 
- .OJ 6 + .47 - .20 
lJ + .005 - .01 8 + .61 - .20 
14 + .01 - .02 9 + .47 - .12 
15 + .OJ - .lJ 11 + .JO - .27 
17 + .04 - .07 12 + .10 - .10 
18 + .02 - .05 lJ + .24 - .10 
19 + .OJ - .08 14 + .JO - .10 
15 + .24 - .20 
19 + .20 - .20 
25 + .24 - .10 
29 + .20 - .10 
TABLE n J5 + .10 - .OJ 
94 + .17 - .06 
Sample No. 8 96 + .17 + .OJ 
150 + .lJ - .17 
ROSIN-GARNAUBA WAX (50%) 2Jl + .lJ - .17 
Age Surface Charges Top Bottom 
TABLE nrr 
0 + .lJ - .10 Sample No. 10 1 + .41 - .17 
2 + .75 - .17 ROSIN J + .54 - .JO 
5 + .47 - .JO 
6 + .40 - .27 Age Surface Charges 
8 + .44 - .27 Top Bottom 
9 + .so + .27 
lJ + .60 - .10 0 + .08 .06 
19 + .60 - .17 1 + .005 .02 
29 + .60 - .JO 2 .JO .75 88 + .50 - .50 4 .ooo .15 90 + .60 - .J4 5 + .OJ - .OJ 225 + .24 - .40 6 + .01 .01 
8 + .01 
- .01 
12 + .01 - .01 
28 + .OJ - .01 
87 + .OJ - .01 
224 - .OJ - .16 
~·----~--:=-_ _:: __ ~--~-- -- -- --
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TABLE D.V 
Sample No. 
SULFUR 
Age Surface Top 
.5 m 
- 5.2 
1 .000 
30m + .27 
1 + .61 
3 + .17 
4 + .10 
5 .ooo 
6 + .03 
7 .ooo 
11 + .03 
27 + .24 
86 + .50 
88 + .40 
96 + .13 
142 + .07 
216 + .24 
223 + .30 
11 
Charges Age Bottom 
- 4.2 .5 m 
.95 lm 
- .47 30m 
- .70 1 
-
.30 2 
- .34 3 
-
.24 4 
- .24 5 
-
.24 9 
-
.20 10 
-
.24 16 
-
.67 26 
-
.67 84 
-
.64 87 
- .47 147 
-
.67 208 
-
.70 222 
TABLE XV 
Sample No. 12 
CARNAUBA WAX 
Surface Charges 
Top Bottom 
+ 3.0 
+ .91 
+ 3.3 
+ 4.0 
+ 4.0 
+ 4.0 
+ 3.7 
+ 3.1 
+ 3.0 
+ 2.3 
+ 4.0 
+ 3.7 
+ 2.7 
+ 2.5 
+ 2.3 
+ 2.3 
+ 1.7 
+ 3.9 
- .17 
- 1.1 
- 4.4 
- 3.4 
- 2.8 
- 3.4 
- 3.6 
- 3.7 
- 3.1 
- 3.7 
- 4.0 
- 5.0 
- 3.7 
- 4.0 
- 4.0 
- 2.8 
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TABLE XX TABLE XXII 
Sample No. 18 Sample No. 20 
LUCITE LUCITE 
Age Surface Charges Age Surface Charges Top Bottom Top Bottom 
.5 m - 7.0 + 2.5 2m - .98 - 1.0 
2 - 1.7 + .50 15m 
- .67 - 2.5 
6 
-
.30 + .57 3 - .44 - -74 
7 - .13 + .30 7 - .03 - .40 
10 
-
.17 + .13 14 .ooo - ·44 
21 .ooo + .20 120 - .03 - -34 
127 + .07 + .03 130 .ooo + 
-34 
137 + .07 + .03 
TABLE XXIII 
Sample No. 24 
TABLE XXI 
NAPTHALENE 
Sample No. 19 
LUCITE Age Surface Charges Top Bottom 
Age Surface Charges lm + .67 Top Bottom 2m 
- .20 + 1.8 
30m + .03 + .17 
.5 m 
- 5.4 + .67 6 .000 
-
.03 
1 - 1.6 + .74 7 - .03 .ooo 
4 - 1.3 + .44 71 + .03 
- -47 8 
- .94 + .34 74 .ooo .37 
15 - .44 - .07 '!1 .'000 .24 
121 + .50 - 1.2 
131 + .10 
-
.13 
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TABLE XXIV TABLE XXYI 
Sample No. 25 Sample No. 27 
NAPTHALENE PLATE GLASS 
Age Surface Charges Age Top Bottom 
Surface Charges 
Top Bottom 
.5 m + .67 2m + 4.36 - 1.85 
lm 
- .03 + .17 5 m + 4.36 
- .34 
5 m + .07 + .13 10m + 3.70 
-
.40 
15m + .03 .ooo 1 + 4.36 .20 
1 .ooo + .13 3 + .74 .07 
65 - .20 - .54 6 + 2.35 - .30 
68 
- .03 - .20 11 + .20 .ooo 
75 .ooo - .20 13 + 4.03 - .20 
25 + .54 - .-17 
TABLE XXV TABLE llVII 
Sample No. 26 Sample No. 28 
PLATE GLASS PLATE GLASS 
Age Surface Charges Age Surface Charges Top Bottom Top Bottom 
.5 m + 4.0 - 4.0 lm + 4.36 + .20 
5 m + .34 - .43 2m + 6.40 .000 
10m + .07 - .07 15m + 6.40 - .17 
1 .ooo .ooo 2 + 2.36 .ooo 
2 + .03 + .03 5 + 4.54 .ooo 
4 .ooo .ooo 7 + .84 .ooo 
7 + .07 
-
.13 24 + 3.7 - .13 
14 .ooo 
-
.03 
26 + .03 + .13 
- ·.:. ·=~-::.::...:....::;-:-· .. ::::....:..-~------ -
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Age 
2m 
7m 
lJ m 
5 h 
"7 
19 
Age 
J m 
JO m 
4 
16 
TABLE XXVIII 
Sample No. 2!1 
SUGAR 
Surface Charges 
Top Bottom 
+ .17 + .24 
+ .JO - .OJ 
+ .OJ 
- .lJ 
- .07 - .lJ 
.ooo .ooo 
.ooo 
- .OJ 
TABLE XXIX 
Sample No. JO 
CELLULOSE ACETATE 
Surface 
Top 
+ .OJ 
.ooo 
+ .OJ 
.ooo 
Charges 
Bottom 
+ .OJ 
+ .02 
+ .OJ 
+ .01 
Age 
2m 
JO m 
2 h 
2 
14 
Age 
2m 
15m 
12 
TABLE XXX 
Sample No. Jl 
PARAFFIN WAX 
Surface 
Top 
+ .24 
+ .lJ 
.ooo 
- .OJ 
- .01 
TABLE XXXI 
Charges 
Bottom 
- .17 
- .17 
- .OJ 
- .07 
- .04 
Sample No. J2 
CELLULOSE ACETATE 
Surface 
Top 
.ooo 
- .01 
Charges 
Bottom 
- .JO 
.ooo 
+ .02 
Four samples are not included in the preceding tables for the 
following reasons: 
Sample No. 15, Rosin-- broken removing from mold. 
Sample No. 21, Polyvinal alcohol-- discarded because of low 
resistivity. 
Sample No. 22, Lucite-- heated to J50°C and burned. 
Sample No. 2J, Glass-- cracked while cooling. 
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ABS'IRACT 
An Investigation of Materials for Making Electrets 
A number of materials were tested to determine their electret 
making properties. An electret is a permanently polarized piece of di-
electric material, that is, its surfaces exhibit permanent charges. This 
is presumably due to orientation of polar molecules within the dielectric. 
An electret is made by placing the dielectric in a strong electric field 
and allowing it to cool after it has been melted or heated to produce 
softening. 
When a dielectric is placed between two metal plates which have 
a high potential difference between them, charges called heterocharges 
are observed on the surfaces which were in contact with the plates after 
the plates are removed. These charges are opposite in sign to the charges 
on the plates and are due to ions attracted to the charged plates. In 
the case of the electrets, however, these charges disappear and charges 
of opposite sign called homocharges appear. Electrets are characterized 
by permanent homocharges. 
This investigation was undertaken in an attempt to determine what 
type of materials can be used for making electrets, since few studies of 
' this kind have been made. The method employed was to cool a number of 
hot or molten dielectrics in an electric field and observe the results by 
measuring the resulting surface charges. A cooling time of one to two hours 
and an electric field of about eight thousand volts per centimeter were used. 
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About a dozen materials were tested, roughly half of them being 
materials not reported in the literature before. The results obtained 
with carnauba wax, the stand-by of electret investigators since Eguchi 
made the first ones in 1925, were in agreement with previous reports. 
In addition to carnauba wax the -following materials were also tested: 
sulfur, glass, rosin, paraffin wax, Plexiglass, Lucite, Napthalene, 
Polystyrene, sugar, and cellulose acetate. Sulfur, glass, rosin, and 
'paraffin wax have been mentioned in the literature before, the remainder 
of the materials not having been reported on before. Homocharges were 
,obtained with all of these materials except cellulose acetate and sugar. 
The surface charges obtained with rosin, paraffin wax, Polystyrene, 
:sugar, and cellulose acetate were so small that definite conclusions 
li should not be drawn about the nature of their charges. Sulfur, glass, 
Plexiglass and Lucite showed sizeable homocharges. The first two of 
·• these had previously been reported as showing only heterocharges when 
, subjected to an electric field. 
A fairly close relationship was observed between the magnitudes of 
the homocharges produced and the dielectric constants of the materials 
· used. A relationship was also observed between the magnitude of the 
' homocharges and the chemical groups present in the materials, compounds 
containing the C = 0 group having higher charges than compounds con-
'taining only the C - H group. 
,, 
A new method of making electrets was also tried, although without 
:much success. The dielectric is dissolved in a solvent and allowed to 
solidify in the electric field by evaporation of the solvent. Further 
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experimentation is needed to establish the merit of the system. 
The results of the study tend to indicate that homocharges can be 
produced using many, if not all, dielectric materials. Further, the 
magnitude of the charges is closely related to the polar properties of 
1 the dielectric, as indicated by its dielectric constant. 
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